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SBA Skylight-Blocked Approach  
IOPs 固有光学特性(Inherent Optical Properties)  
AOPs 表观光学特性(Apparent Optical Properties)  




ag 有色溶解有机物吸收系数  m
-1
 
ad 非藻类颗粒吸收系数  m
-1
 
adg 非藻类颗粒与有色溶解有机物吸收系数  m
-1
 
aph 浮游植物吸收系数  m
-1
 






bbw 纯水后向散射系数  m
-1
 






c 光束衰减系数 m-1 
CDOM 有色溶解有机物(Chromophoric Dissolved Organic Matter)  













Lw 离水辐亮度(Water-leaving radiance) W/m
2
/nm/sr 
nLw 归一化离水辐亮度(Normalized water-leaving radiance)  W/m
2
/nm/sr 
Ed 下行光辐照度  W/m
2
/nm 

































Rrs 遥感反射率(Remote-sensing reflectance) sr
-1
 
APE 平均百分比误差(Average Percentage Error)  
AUPD 平均无偏百分比偏差(Average Unbiased Percentage Differences) 



















SBA(Skylight-blocked approach)是新近提出的直接测量离水辐亮度 Lw 的方









Lee 等(Lee et al., 2013)采用浮子系统实现 SBA，该系统同时测量辐照度和辐
亮度，其在美国格林湾和密歇根湖的研究证实 SBA 有以下优点：布放简单；后
期数据处理简便；能够获得高精度 Lw 数据；与剖面法结果有较好的一致性且其
精确度更高。然而，正如 Lee 在其文中对 SBA 的展望，该系统需要在更恶劣的
测量环境以及多种水体中测试，看其是否能保持原有的优点。 










采用半径仅有 2.2 cm的Cone22，从而减小自阴影作用。由半径为 4.5 cm的Cone45
换成 Cone22，自阴影校正模型的最小使用临界天顶角由约 37°降至约 12°，效果


















(1) 海况较好时(0-1 级海况)，SBA 能够获得后期处理简便且精度高的 Lw 或 Rrs
数据，其变异系数最小时可小于 3%。海况由 0 级变至 2 级，会增大 SBA 数据的
去除率，而有效数据在 450-700 nm 的变异系数由原来的小于 5%变至小于 10%；
影响 GER 数据精确度的主要因素是光照条件的稳定性，不稳定的光照条件会大
大提高 GER 数据的变异系数；HSAS 是三套系统中在数据精确度表现最好的方
法，不过若遇到云不均匀的情况，船体的移动可能会使得 HSAS 系统 Lsky光谱仪
测得较离散的数据，从而影响最终结果的精度。(2) SBA 在内陆水体的短时间多
次定点测量结果显示出良好的重复性，而表面之上法受外部环境因素影响大，测
量结果重现性差，尤其在蓝光波段差异大。(3) SBA 光谱反演 at误差最大，比表
面之上法光谱的反演误差高约 10%，同时 SBA 光谱反演 bb误差最小，比表面之






















SBA(Skylight-blocked approach) is a newly present method which provides a 
direct way to measure water-leaving radiance (Lw)(Lee et al., 2013). The method is 
made based on above-water method. The Cone is attached to the LU sensor with its 
open end inserted just below the surface, while the sensor maintains above the surface. 
In this way, surface reflected light is blocked and the below-surface radiance 
propagates to Lw naturally, finally received by the radiometer, which dose make a 
breakthrough to directly link Lw with radiometer. The conventional approaches, 
including the in-water and above-water methods, only measure the related 
components and subsequently come to Lw through the physical models. And many 
uncontrollable factors in the measurement processes and the complicated 
post-measurement calculation routines are likely to bring about virious levels of errors. 
But in contrast, SBA is so concise that can prevent from bringing in more errors, and 
the most important is, SBA can achieve Lw that is closer to ground truth, which 
provides us a new chance to get Lw product within 5% error. 
In Lee’s study, SBA was a floating system that can measure radiance and 
irradiance at the same time, and the measurement at Green Bay and Lake Michigan, 
USA, demonstrated several advantages of SBA(Lee et al., 2013): easy deployment 
and post-measurement progress; being able to get high precision Lw data; SBA-Lw was 
in good agreement with that of in-water method and SBA-Lw was more precise. 
However, as the outlook in Lee et al.(2013), extensive tests and experiments with 
SBA in various aquatic environments and sea states are needed, to make sure whether 
SBA can maintain the advantages. 
We set up the SBA system according to Lee et al.(2013), and made SBA 
measurement at Northern South China Sea, Coastal region of Fujian, Western Xiamen 
Sea and several eutrophic inland water bodies, trying to evaluate the applicability of 
SBA and make a comparison for further evaluation with the two above-water methods, 
GER and HSAS. 
















the system hardware, and we got the main findings as below: (1) the system had 
different levels of influence on Lw data when LU radiometer aiming at different 
azimuth angle; the influence was acceptable when LU radiometer aiming at the range 
of 0°-90° and 270°-360° in sunny days, and APE was within 12%; significant 
influence occured at overcast weather and it meant that the SBA system with current 
hardware may not be applicable at such situation. (2) The Cone22 whose radius is 2.2 
cm was designed for alleviating the serious self-shading effect at inland pools, and it 
was of great effect to use Cone22 rather than Cone45(whose radius is 4.5 cm), making 
the critical minimum zenith angle of the self-shading correction model reduce to 12° 
from 37°. But we still should be careful to use the corrected SBA data while the zenith 
angle is less than 20° before the correction model is updated. 
To compare SBA data with that of above-water method at various conditions, we 
found that: (1) SBA can achieve data that was easily processed and its minimum CV 
could be less than 3% while sea state ranged from level 0 to 1. When sea state 
changed to level 2, removal rate of SBA data increased and CV of the valid data at 
450-700 nm changed from <5% to <10%. The precision of GER data could be easily 
influenced by the unstable illumination intensity, which would increase CV of GER 
data. HSAS performed best at the aspect of data precision, however, uneven cloud 
distribution and the moving vessel may lead to discrete Lsky data and then may transfer 
to the final result. (2) The continuous SBA result in a short time at inland pool showed 
that SBA was of great reproducibility while the spectra measured by above-water 
method(may be severely influenced by external environment) differed, especially at 
blue band. (3) Error of QAA-derived at from SBA was largest, which was ~10% 
larger than that from above-water method, however, Error of QAA-derived bb from 
SBA was lowest, which was 2-4% lower than that from above-water method. And the 
AUPD between IOPs-derived Rrs and SBA-Rrs was lowest, which meant that the 
SBA-Rrs was closest to IOPs-derived Rrs. 
 
Key words: SBA; Cone; above-water method; water-leaving radiance(Lw); remote 



















海洋生态系统平衡以及海洋物理过程等研究领域息息相关(Behrenfeld et al., 2005; 
Hu et al., 2004; Leonard et al., 2001; Moore et al., 2001; O'Malley et al., 2014; 
Stramski et al., 2008)。而叶绿素 a 是所有浮游植物中唯一的光合色素，可根据叶
绿素 a 的量估算浮游植物丰度和生物量(Desortová, 1981; Huot et al., 2007; Lee et 
al., 2011)。以荧光法为代表的海水叶绿素测量技术，早在 19 世纪 60 年代开始使
用并沿用至今(Yentsch and Menzel, 1963)。现场样品测量对于海洋科学至关重要，
但碍于全球海洋范围之广、局部变化之大，低效率的船测方式对海洋科学的发展
带来极大的局限。海洋色素浓度(主要为叶绿 a)与光谱两者关系的研究结果催生
了生物遥感，为海洋水色卫星遥感奠定基础(Clarke et al., 1970; Yentsch, 1960; 




性(AOPs, Apparent Optical Properties)离水辐亮度(Lw)，用于卫星传感器的辐射校
正以及数据真实性的检验，以及卫星遥感光谱和航空遥感光谱大气校正算法和生
物光学算法的开发(Bissett et al., 2001; Clark et al., 2003; Gordon, 1998; Voss et al., 





近 50 年以来，行内主要开发出表面之上法和剖面法两种现场测量 Lw或 Rrs
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